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AERONAUTIC SYMBOLS

1. FUNDAMENTAL AND DERIVED UNITS

Length .....
Time ....
Force ........

Power .......

Speed .......

Symbol

P

V

Metric [

Unit

meter ..................
second ...............

weight of 1 kilogram ....

horsepower (metric) .....

kilometers per hour .....
meters per second .....

l

Ahbrevia-
tion

m

s

kg

k.p.h.
In.i).s.

English

Unit

foot (or mite) .......
second (or hour) ....
weight of 1 pound ....

horsepower ...........

miles per hour .......
feet per second ........

i

Abbrevia-
tion

ft. (or mi.)
sec. (or hr.)
lb.

lit).
m.p.h.
f.p.s.

2. GENERAL SYMBOLS

IV, Weight =rag v, Kinematic viscosity
g, Standard acceleration of gTavity=9.80665 p, Density (mass per unit volume)

m/s2 or 32.1740 ft./sec. 2 Standard density of dry air, 0.12497 kg-m'4-s 2
I_r 15 ° C. azld 760 mm; or 0.002378 lb.-ft. -4 see. 2

m, Mass =
g Specific weight of "standard" air, 1.2255 kg/m s

I, Moment of inertia=ink 2. (Indicate axis of 0.07651 lb./cu, ft.
radius of gyration k by proper subscript.)

u, Coefficient of viscosity

3. AERODYNAMIC SYMBOLS

at

or

S, Area

S_, Area of _ng

G, Gap

b, Span
c, Chord
b2
_, Aspect ratio

V, True air speed

1 2
q, Dynamic pressure=_pV

Z, Lift, absolute coefficient C_=a_

D, Drag, absolute coefficient CD=_

Do, Profile drag, absolute coefficient CDo=_

D_, Induced drag, absolute coefficient CD_=_

Dp
D_, Parasite drag, absolute coefficient Co_,=q-_

C, Cross-wind force, absolute coefficient Ce=_

B, Resultant force

it,

Q_

Vl

lz

_0,

_,

e,y,

Angle of setting of wings (relative to thrust
line)

Angle of stabilizer setting (relative to thrust

line)
Resultant moment

Resultant angular velocity

Reynolds Number, where l is a linear dimension

(e.g., for a model airfoil 3 in. chord, 100
m.p.h, normal pressure at 15 ° C., the cor-
responding number is 234,000; or for a model

of 10 cm chord, 40 m.p.s., the corresponding

number is 274,000)

Center-of-pressure coefficient (ratio of distance

of c.p. from leading edge to chord length)

Angle of attack

Angle of downwash

Angle of attack, infinite aspect ratio

Angle of attack, induced
Angle of attack, absolute Lmeasured from zero-

lift position)

Flight-path angle

Y
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SUMMARY

.'t_+ h_r_.,_'tlg.lio, was co.duct,,I i. lk_ N. A. C. =1.

full-._calc mil.t tu.l_d to d_lcrm;m lkr a+rod!/mtmic
c]_H'aclcrixl;cx of 1]. A'. A. 1'. A. f)1)09, 0012, am/ OOIS

airfoils, with the ultimat_ /JUrl.>', ,![ i.'oc;ding dater 1o
be u,_td +Is a basis for com/.lri,_'m_ .';th ol]. r ,';nd-lunt,l

daht, ma;l_l/I ;J_ lh_ st,d!/ of ._'cal. a.d turbuh, nce +jf_cl._.

7']u'c+ symmetrical (;- by .3(;-fool rcctali<lular ai,/oils 'u,erc

u,wd. 7'l._ lby.ol,ls .\:.tuber ran(le for milt;inu?_ drag

was from 1,8'00,000 t. 7,0¢)0,000 am/ft.' mmrim,_zm lift ,

fl'om 1,700.000 l,, .1,500,000. The q/b ct q[ ro_tz_ded tips

was d,t+rmi._d f,." ,'och of th+ aicfi,;l._. 7'e,_ts Were also

made of the N. A. (_. ,'1. 0012 (zilfo;l +ffuipped with a

0.20e full-xpa,i split flap hinged at O.SOc. "l'_(ft sur:¢.ys
u'erc included to ._'hou" the progre,_sir," br,_M:do,m qf flow

:l[om_,tum .s'urc, w w_rc m+td+, in conjunction with

.force mea.s.urrm_td,_ at z_ro lift a._"an oid i, conrcrtit_g

.f, rc+-t+st d, ta t,, ,wcti,+_ co_flicb ,t,_.

INTRODUCTION

Since the inception of wiml-tunm,l testing, the prob-

lem of correcting aim nl)l>lying test results to full-scale

flight cmMitions Ires existed. Theory indicates that no

<,orrections are rwcessar'y when nil the <.omlitions of

<lymmfic similitude are satisfied. One of the condi-

tim> of similarity, Rcynohls Number, was met by the

N. A. ('. A. w_rinbh,-density tmmel, in which tests are

conducted at. lleym,hls Numbers in the l.wer flight

range; however, experiments still revenled discrel>nncies
due in part to <lissimihu'ities in tm'buhmce between
wind tunnels aml free _ir. "l'urbuhmce measurements

in the N. A. (L A. win<l tunm,ls resulted in the use of

tit(, "elfective lleynohls Number" (references 1 and 2)

in an att.eml)t to improve the precision of applying
data obtained in wind tunnels with high t urtmlence to

llight conditions. The data upon which the effective

Reynolds Number cm'rection was bused were, however,
limited to conventiomd airfoils of medium thickness

and did not include the variatim_ of the effect of
turbulence with thickness rutio and other airfoil

charttcteristics. In order to provi_le _lntu thut wouhl

all'ord atmmder basis fol I comtmrison and ussist in im-

proving the turbulence' correction, the present investi-

_alion was condm'ted on symmetrical airl'uils of N. A.

('. A. O0(l!), 0(t12, and (lOiS sections. The tests were
ramie in the N. :%. ('.A. full-scale wit_<l tunnel, which is

kn<)wn to have h)w turbulence aml t_ l)t'ovide a <'l<_s_,

al)l)r<mchto free-Ilight ('omlilions.
In achliti.n to force tests of the ]dain airfifils, llw

N. A. ('. A. I)012 _irf<fil was tested with :_ 0.20c full-spun

sldit tlap. The lleytmhls Number range was from

1,700,000 t<) 7,000,000. NlolnelHunl l]]('ttStll'(qlltHl|S,

made in the wakes of all three airfoils, were used to

evaltmte the drag caused l)y th<' airfoil lips an<l thus to

obtain sectiol_ dl'ag chnrncteristi<'s. The dnta obtuin<,d

in this investigation are ])]'esented i_, or_h,r lo mnke
them nvailalfle for compnris(m aml nmdysis.

EQUIPMENT AND AIItFOILS

A descril)ti<m of the full-s<'nh' wind ttmnel ;_(1 (,f i(s

test e<luil)ment is _iven in reference 3. The tm'btden<'e

b'l_+I RE 1. The N. A. (', A. 01)12 air'f<Jil mour_tt.d in thv full-:,v:d+' _ ind liHlrwl.

factor (>f the tunnel as determim,d by sl)here tests is 1. I

(refe,'ence I ).
1)urit_g tim tests, the airl'oils were tn,,unt(,[I with the

main SUl)l)ort ntla('hed at the <tut_rter-chor<l i)oi.t (ff

the ,firfoils (fig. 1). The an,_,'h' ¢)f attack was ('hanged

by a vert.i('ul mov(,me_l _1' the lower emls of the reur

supports.
I
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Three 1;- by 36-foot rectangul'lr,firfoils h_ving
N. A. ('. A.0009,0012,mid001Ssymmetricalsections
werecl)nstru('tl,d f.v these tests. The nirfoils were of

Det,_,chable rounded tips were provided for each air-

foil. These tips, shown in tigure 2, formed one-hull of
,t solid of revolution, the r'tdius at each ehordwise

station being eq,ml to one-h'llf of lhe h.'al airfoil thick-

| IC'SS.

A full-siren 0.20c split flap construcled of !_-inch

plywood was 1)rovide_l h)r the N. A. (!. A. 01112 airfoil.

Figure 3 shows tile tlap mounted on tile airfoil.
The rm,k used for the lllOlliOlltlllll ]IIPIlSIII'PIIIOII[S

(lig'. 4) consish,d of n comb of forM-head tubes aml a

comb of static tubes. These combs were llhwcd 6

inches apa,'t and the entire assembly wqs mounted on

the sm'vey carriage. The detailed spacing and the

];l_iI'llt,; 2. Ih't:tch:lbh' rt_und,'d lip For tim N. 'x. C. A. f)009 airhAl.

steel-sitar cowqru,'/ion with ribs Sl)aCt'd _lt 12-inch in-

lerv_,ls. The covering was _i',_-inch ah,mil,mn sheets,
•itiach/,d with cmmtersunk screws. The seams and

l"t,;I Itl. :L The ),_. _. 1' A. 11012 airloil 'ajtll fl.20_ fllll-span Ndil fl:_t_.

lh(' screw slots we,'e filh'd aml 1hi, entire sm'fa(.e was

then sarah,d, c_)ati,(I with paint l)rimlw, qml p()lished to

a glossy, w_lx-like linish. Toh_ranc(,s on the seclion

oMimttes were kept within ± IL_ inch.

]*'IGL?I{E 't, -Vit'_,_ o[ lilt! r_t{'k llSt!ll [(Jr IIIIJIIII'IIIHIII IIIt_ILSLII't'IIII'IIIt-.

dimensions or I,_,th c_mA)s :t,.e sl.)wlt in tiffure 5. The

total-he:ld c()ml) ('.nsisted i)1' ;_!) tubes ,,f ().()l;5-in,'h

oulsillc ilianwt_.,r t)y ().()31i-inch insille I]illlllP/Pl'; tlw
st_tti(' (,1)rot) ('()nsistetl t}t' 13 tubes i)1' (1.125-inch Imlsid('

(lianmt(,r. Each tube wus comJ(wtell 11) the multil)le-
tube 1)hotographi('-r(,('orlling m_lmmwtev ('_rrie_l in the

,'.;ll I'V (?V (qlrl'illgt'.

TESTS

Tm'e and intert'eren('c were evahmted 1)y l)velimimlry
tests of the airf.ils. The late tests to (letern6n(, the air

forces on the SUlqmrts were malh', with the _irl'(,il sup-

porh,d imh'pcndenlly of the balance by cables. The
interference of the supports on the _li_' tlmv was meas-

urell t)y adding two dmnmy SUllll()rt struts, sltown in

tigure 6, which were free froln contact with the airfoils.
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I,ift, drag, and pitching moments of the airfoils with
squ'lre tips were me',sured _,t test velocities from 25 to

118 mih,s per hm,' over .'1r,mgc of nt,glcs of att.,'l,: from
--7 ° to 27 ° . Simihlr runs were made with the rounded

tips on the airfoils at, :l sultieient number .f speeds to

at[ord cornparisorl with the tests of the airfoils with

square tips. The N. A. ('. A. 0012 airfoil was 'flso

tested with a 0.2t)c full-span split tlap deflected 15 ° ,

a0 °, 45 °, and ti0 °. Wool tufts were use, I t,i i,,(licate

the progressi,,,, of the stall .,l the upper stlrfnees of the
llirfoils.

l_,y means _lf lhe rack I)revhmsly desvrihed, sim,At_llle-
ous measurements were ran{It of il,c total and the

stllth_ ln'ess,lres in the wakes ,,f tire ni,'f, fls f.r the zero-

J/ll;I. F{I! ._. ('(llllllS IJ[ _()[al-tli';ld I II].'S :lll_l ';l;Iti(: Ill|_l'S.

lift v<mdithm. The n,e_isurements were mll,h' 15 per-

vent of lhe chor_l behind the ir.,iling edge at 27 spnn-
wise locations.

_ra>,rCTmS oF ,)A'r*

The measured wind-tunnel data were corrected in

the following manner:

1)ymunic pressure was determined from the difference

in sh_tie pressure between two points in the tunnel.
This dilference was correlated with dm free-stream

dynamic pressure at the airfoil loc,,tion (jet empty);
the correlation was then modified for the blocking effect

of the airfoil, as outlined in reference 4.

In the computation of the coefficients for the airfoils

with rounded tips, the added area of the tips was not
inchlded. All coefficients are thus based on the original

rectanguhtr area of the square-tip ,tirfoils.
Tare and interference coefficients were deducted

from the gross coeflh,ients. Owing to the small por-

tions of the SUl>l)ortirlg struts exposed t<> the air stream,
I flRT;i.q ;_!) 2

the ttu'e _lra_ is only it)out 7 percent of the net minimum

_lrag ()f the airfoils at a test speed of 100 miles per hour.

The interference ('orre('tion was h,rg(,r; ft,' the thickest
airfoil, hlt('rfertm('(' drag w_ts equal l() 13 I)er('(,nl ()f the

net _lralz f, lr the test Sl)ee(I of 100 miles p(,r hour. A

small tare nnd irlt(,rfcrcn<'e e()rreetion was required

for the pit('hing momtmt, but at) corrc('tion was r<,quired
for lift.

l'il('h-:,ngh, Sl|J'VeVS ill the region of the jet occupied

t)y the airfoils showed 'm nver'lge stream (hmillhw¢ of

0.tl °. This value w:ls ('orr(A)ornted hy the for('(, tests

' in lh,1 the nn_h, _1' zel'_, lift was II.ti ° with reslmcl l_)
the ttnnm'l .xis. lh'('aus(, the scnh,s tm'asured f()z'('e

('()ml).n('nis l)erl)('mli('uhlr and l)arulh'l i_ the tunI.']

axis, these coral)orients were corre('tcd to obtain true

FI(;TTRE 6. i)tllllf;l%' SUl,p.rts a(hl_'d to llle _" A. ('.._.. (111)9 airf.ii s(,I u I, fi)r the

J llll'r I'(,r_,it('p l{,sls.

lift lind di'lig riiniliOlielits with rcfcrl, llrC t<_ lh(! nir
st,l'Cil I11,

Tim jct-|)oundlil'y corrcclions, ilS cvlihinled for the

full-scale tuliiiol in refcrellcc 4, were npplied.

(_tieflitqonis for infhiito i/spoet ratio were derived frolil
the corrected results of the te._ts of the rounded-tip

llirfoils of nspect riltio (i by tile foriiilihis:

where

0

C_,

L (1 --r)57.S
(_()_ el -- 7T*= 1 ,

is nngle (if attack for infinite aspect ratio,

degrees.

, profilc-dr,lg coefficient.

aspeet ratio.

il factor (.orrcctmg the induced angle of attack

to 'tllow for the chnngc from elliptical Spill

h)llding to n span loading for an airfoil with

rectangular plan form.
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c_. a factor correcting the induced drqg to allow

for the change front ellipli('ul span loading

t() n span h)u(ting for an 'tirfoil with rec-

tnng'ular plan form.

Valm,s of r ().1711 _lm[ a=:().05l for 'tsl)ect r_ttio 6

v:ere ublained front figure 7 of refere.ce 5.
A (leduction for the tip drag ob/ai.ed from the

lltOIt)(qttl.llll ltl('t)S/ll'(qll(ql(S _5,'I[s also ll],_td(' [o obtain the

true section drag. (The variation in this correction

with thickness ratio for both r()umh,d-(i t>nnd sttuare-ti I)

airfoils is shown in fig'. 17.) '['his c(wrccti()n is slrictly

valid (rely at the angle of zer. lift but is assume(I c,m-

slant throughout tit(, entire a.gle-of-atta('l¢ range.

N( ('()rl'ecli()n is required for static-l)ressure gradient

il_ the siream jet boo'ruse it is s. small that the res.lting

decrement in drag is within the precisi(), of the scales.
No effective lleynohts Number correction is al)plied

because (1) maxim.m lift coeflicie.ts obtained .. :fir-

planes in lliR'ht and in tit(, f.il-s('ah, tunnel are in good

:lgreement (references '2, 3, aml (i); aml (2) there _lre n()

known correctio.s (o t>e applied to I)rofile drag for the

:mall amount of turbulence existin/ in the jet of the

l'ull-s('ah, _viml tmmel. An inveslig'ali(m is now l)ei.g

made in which it is I)lltmWd (o COmlmrc th(' se('tiu, l)r()-

file-(lra,/coeltici(,nts obtaim,d 1)y the momenl.m method

in Ilight and fit the tmmel.
The computation of the section 1)rotile-([rag c()etli-

cients from the momentum data was bqsed on the

theory given in the appendix. The formula used was

"o _-J,,Ilo-- Po\l - ¢ilo 1_.) d(y/c

W]lPr( _

II is the tot'fl pressure in the wake.

1', static pressure in the wake.
llo, free-strenm total pressure.

l'o, free-streatn static [)resstm,.

.q, vertical disl)hwement froln the (v'.ilin/ e,l_e of
the uirfoil.

c, airf(>il chord.

Th(, method of ('Oml)uiation was as follows:
1. The vnlues (>f I1 amll' were determined fr.m

['aired curves of totnl and static t)ressures across the

wake l)rotlh', t() which a eorreetio, was applied to
allow for the vertical grmlients existing in the fumml.

The values ()f lla a).t Po were determined from total-

head- and static-tube readings t'tken well outside tit('

wake with a I)roper calil)ratiotl "q)l)lied to obtain the

fi'ee-stream values of these (lu'mtities.

2. The (tuantit,y

- _II, -.l',\ 1- ¢1I,>-.-I'./

wus the. plotte(t against y'c. This curve was inte-

grate(l, the smnmation being the section profih,-(h'.g
c.eflicient at the station of measurement.

A(!I'):RACY

An estimu((, f()lh)ws ()f the precisi()n of the fired re-

sults, [)'Ise(l Ul)On a considerllti()n ()f (he 'wcuracy ()f tlt),

meastm,nwnts of air-stream veh)ci(y, l)'thmce r(,a(li)igs,

.t.l un_'le-of-a((a('l< setting and (he l)r()l)'ll)h' err()rs in

the al)I)lie(l ('()rr(,('ti()t_s.

(_, T().I a

('i......., +().()3.

d ( ':.
d(x -: ().111115 ])er (l(,_rr.e.

(':,,,, i .( ()()2 (('+. ()').

(',,,., I().()()15 (('l. : 1.()).

(' -_ (1.()()3.

I{I:SULTS AND DISCUSSION

The l)rin('il):d ner<)(ly)mmi(! ('h:tr:wteris(ics ()f the
N. A. ('. A. ()()()9, 0012, aml ()()Is sqtmr(,-(i l) uirf()ils <)f

aspect ratio (; 'ire given i. tigurcs 7, S. ,n(l !i for 'l.
ave)'_tge lh,y).)hls Numl)er of 3,400,()0(). l.if( Itn(l dr'./

coeflicien(s fi)r the airfoils with r()un(h,(l (il)S qre also

give)). The c()rresl)()).li)tg s(,('tio, chara('(eri,,itics are

l)resellte(l i. figure It). Tal)]e I gives a s.mnmrv ()f (h('
results for tlt), s<luar('-(i l) .irfoils ()vet a lleynohls N.)n-

her r'mge from 1,7()(),()()0 t() 7,()00,()0().

'I':'_ 1') I A,; I

IM1)I)IUI'.'tNT f'll _,1l _,("I'F;I(ISTICS ()1" SQIAIIE-TII' AIIIF()II,S ()I"
",S[)E(!T )_.ATI() Ii

II:'_ t:()h b,

N. A, _ ' _,. :lirf(,il Ntmd)cr

m illit)nsl

3 0
(_)09....... ,

5.07.1)

3. ((
0012. 1 5 0

[ 7O

()(l I ", .... 3. (l

I

('- (/

1. (;!_ 16 2

]. 20 ] ? I

1.2t; 17, 7

1.22 17.(

.33 1 _. 9

1. 15 17_-

I. 20 1_, 4

_). i) I , _I r) 19 6

7 H

• L""+o '>.,
0. 071 0. 00_;6 -- -

071 . ()0+i2 24. (,

1171 orl] ....

072 (}IJL_ . _ _

. (172 (gl7t _ _.

(_72 r_)t;q 24. 7

1+73 IXm( . _

. ()74 (}4)t;4 .

I)70 0091

.1171 fide+ r, 21. ,,

I)7A {)()T_

1, 7 2 10 17 7 .... : 1

_2,2 ;2 1-t 1_,2 ." 2

:/ (I 2.21 J')(_ O7| ." 2

4 (1 z. z_ 2((, t . . . 2

l"igures 7 to 9 show u nmrl((,d decrease in the sharp-
hess of the stull ()f the N. A. (;. A. 001S airfoil as com-

pared with the thi)mer se<'(ious, l"igm'es II, ]2, and

13 which sh()w the hist()ry (>f the Ih)w i)t the region ()f

the st')ll f()r the tlm,(, airfoils, ()Ifer an exl)hmati(>n ))f

this i)he).)mcn()n. It will be noted (hut. f(w the N. A.

('. A. 00IS .tirfoil, the initial breaka_v,y <)f flow l)r(,('edes

the 'ingle ))f ulta('k at maximmn lift t() a /rcater e,;(ent
than it doe_ for the N. A. ('. A. ()()0!) and 0012 airfoils

and that the sl)re,.i <)f the stalled regi()n is much more

gra(hml. "Pit(, l,wk ()f a "hyster(,sis" h)() 1) f()r the N. A.

('. A. 0()IS uirf()il may also l)e (,xl)hli]w(i by tlt(' fact
that the .nsttflle(l flow is more r(,t.lily r(,est,_blish,,ll ,)n

a. airI'()il whi<'h stalls gratluaIIy " ('omparis()us ()f

for<'e tests with and with()ut till'is sl.)xv .egligible (lif-

ferences, jt_stifying the 'tssumpti<)t_ that the tufts cause
n)) in]l)(>t'tattt ('hat)ge in the (']mra('ter of the lh)w.
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Ot = t68 ° C_ = /.176
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i ....................... /
_: /z7 ° _= /.232

_- 20.2" G. = 0.850

eL = 2P.3 ° Oz,= O.774

!iiiiiiiiiiiiiiiiiiiiill
_ /5.0 ° _. = /.020

'1l" : _' " ---;d ....... _ ..... L)

_t. = /5.,,°` _ = /.073

i[[:[[[i[[[[[:[[[:ii[[ i(I

(i = 1/8 ° ¢_ _ hYO

= f8 7" C_.= 1.210

_z = /.9.9 ° _. /.//5

_ _ 2_/ 9 ° (._:_ ///,?

d = _2. 9 ° C,, = I. 090

d=?5,O ° q_- 1.017

:::::_i:::::::>:.::::: ::::

C_=20.5 ° _ = 0.$78

I'U_trl_E 11.- -The _. A. C. A. 0009 airfoil.

eL= 2._5.4° OZ.= 0.6.97

FI(;u_ ]2. -Th_ N. A. C. A. 0012 airfoil.

01= 2Z2 ° _,: 0.895

I"I_;VRE 13.--The _'. A. C. A. 001_ airfoil.

Fl(;I;l_.ES I 1 T,) 13. -Shtlling (!(intolzr_ of thrv(! N. A. (".._.. _),irfl_its wit|l r(_unded lips. .',.[)l>roxim:_,t,' tesl vt, l(u.ily, '¢-1 f. p.s. ('r¢)ss-halched ar_'m_ indicatv stalh d r_"Kion
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:drf, ib of :l_llul.I r{LIIfl tl II Zt,l'll lift.
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FI, it IrE 20. _i't_un_h:_r_ict'_ris_i_s_heN_.A_(1_A._2:_r_i_i_`.v_ha(_2(_i]_span

spill ll:ill tit a l{t'ylioid_ Nlililbcr of :._,ll)0,Oll0.

The ell'oft of t{eynohls Number .u the ililiXJiilUlii lift

liil(I the ufiniinuin dnlg ('oetli('ients of the three Mrf.ils

Im(I of the N. A. ('. A. 0012 ldrfoi] with the 0.20c full-

sl)lin split thlp (h,fle('ted 60 ° is sliowii ili ligiil'eS 14 nlid

15. It will t)e llitt4_(i that. the n(l(lition of the roun(le([

tips to the airfoils ('lillSeS li itt, ert, liso in the liiliXillillni

lift cootticiont viiryilig froln llbout, 2.5 pere0iit, for the

N. A. (!. A. 001S airfoil t() ii})ollt l.D l)erl'eilt for tile
X. A. (_. A. l)t)/)9 nil'foil.

EThe Viil'iiltioll in section l)rofile-drlig coettieielil lil'l't)ss

the splin of the three rounded-lip Mrfoil._, il.<, lneasured

lit. zero lift hy the inonientuin niet.liod, i_ ._}ll>v,n in

figure 16. 'i'li_, over-llll profile (ll'ilg ol)tllhied hy Jill

integrlttion il('l'l)>;_ tile ._l)lili i)f the uirfoils (,Oliil)al'(,_ ,,villi

that liielisurl'd })>" force io._i.% I1_, shown in tuhle 11.

TAIH,E ]I

COM I'A l/ISC, X ()P 1' I{(I FI I,li-I) I{ ,',,( i ('Ht':F FIr'[ ENTS F()I{ TIlE

l{()l:NDlil)-Tll' AIRVII]I,_ (IF ASPICI'T t{.'.,'l'l() t; ()tVI'AINI<]) AT

ZER() I,IFT IIY Till< FOt{CE TE,'-4TN ANI) Till,: MOMEX'I'ILM

METIIOI). l{- 5,0(10,0(_)

I ( 'Du
I

N..".. ( '. A.

airfoil .%1oi11¢'11l I1111

It!S{

0009 (I. I)[161

(NIl '.I . IJ0t;6

(_llN .0075

];(Ir('O levi

8. (_l#iO

, (_165

• O(17K
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This agreement is within the exl)erimental accuracy of
tile momentuln method ,qmt is sullieient to warrant tile

conclusion that this mctho(t s'ltisfactorily measures
prolile (Ir_lg at zero lift.. The maximum v_u'iation ()f

±0.0002, which will be noted in the individual secti<m

coelti<'icnts across the span <if the airfoils (fig. 1(i), is
attributed to n combinntion of experimental error and
unavoitlable differences that existed in the sm'faces _lt.

the v,lrious stations, l)esigtmrs should note thtlt the

airfoils used for this investigation, as in :dl wiml-tmmel

investigations of airfoil clmracteristics, were al)t)re-

('iably smoother titan wings commonly used in airplane
COllSt l'llC|ioll.

The increase in drag caused by the rounded tips,

shown in figure 16, indicntes that something in excess

of the section drag is measured by tile force test. A

comparison between the over-all llrofile-dr'_g coefficient

of the ,firfoil of aspcct r'ltio (; and the section t)rotile-
dr_lg coefficient is shown in table III. The section

profile drag was considered the average across the :fir-

foil inbo.ml of the area atrected by the tips. The cor-
reclion for the tip drag is thus derived from the (lifter-

ence I)etween the section and the over-all profile-drag
coelli('ients. The section drag is ot)lMnc(I by deducting

the tip correction shown in figure 17 and given in table
I I I fr()m the force-test results obtnined for the rounded-

ti 1) airfoil. No al)l)reciable variation in tip drag was

noted over a range of Reynolds Numbers between

3,000,000 and 5,000,000.

TABI, E I11

TIP (')I{I{E( TIONS FOR TILE" ROUN])EI)-TIP AIRF(HI,S OF ASPE()T

RATIO (; FI{()M M(L\IENTIM TEST. 1_=5,()0(I,000

l/ounded-tip

N. A. (?. A . drag, AC/_
airfoil (]'0 ca()

(R)(19 0. (_061 (). [R)60 0. (RR)I

IX)I 2 . (X)66 . (X)6.% .0(R)I

(X)I_ i . (X)75 .0073 . (X)02

Figure 17 ;llso shows the vnrintior) of tiffs tip eorrec-
(i(m with profile thickness for the sq!tare-ti I) airfoils of

_ml)ec(. ratio 6. The s!!pl)lementary drag caused by the
s(lu,m: tips varies from zero for the airfoil of 9 per-

ce!!t thickness to 13 percent of the minimum drag for
the Mrfoil of 18 percent thickness. Thus the results

for square-ti t) airfoils, when uncorrected for tip drag,

greatly magnify the increase of (lr_lg with profile
thickness.

Figure lS gives the variation of section drag at zero

lift with Rey)mhls Nu!nl)cr, ol)tai!wd ))y npl)lyi!!g the

proper tip correction to the results given in figure 15.
The aerodynamic clmracteristics of the N. A. C. A.

0012 airfoil with the full-spin! 0.20c split ll.!p for tin 1)

deflections of 0°, 15 ° , 30 ° , 45 ° , :!n(l 60 ° 'It a ]{eynohls

Number of 3,100,000 are given in tigure 19. Fig!m,

] iii ii!iiii
- i

22' 20c,?" " _ ....

J ]i

/.6"_ I,;.[i!i.
/4' .........

0 / 5 ,30 45 _:0

/ "_3,w Of f/op deflec/ibo, _. deg.

}'IGI'RE 2[. -Variation Of lllllXillllllH lift lilllt {lllglo of atlaek lit lllaXillllllll lift _itll

flap <teflection at a Rcynohls N'umb(,r of 3,100,(100 for [he s(lu:m,-lit_ N. A. C'. A.

0012 airfoil of aspeel ratio 6.

20 gives the corresponding section chnrncte!'isties and

figure 21 shows the variation of the maximum lift

coefticient and of the angle of ,/tt'wk _!t maximum lift

with flap deflection.

At the present time, the (lala herei)l l)!'esente(] and

those available from other so!!rces nre t)(,in_ ('omp_u'ed

with a view towaM detern!i!fi!)g the ca!,se aml mag!!i-

tude of existing discrepa)wies.

LANGLEY _[EMORIAL AERONAUTI(!AI, ]2AB()RAT()RY

NATIONAL)kl)VISOICY COMMITTI,,'E FOH AI.H{ONAVTICS,

LANGLEY FIELI), VA., July 28, 1938.
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APPENDIX

The eompulaiion of drag fi'om file niomenlum data

was ramie by the inelhod (levehq)ed hv B. Melvilh,

Jom,s (referellec 7). A coral)at(soil was made 1)etween

lhe _ll'ag values _'iven by this niethod and those ,a'iven

1)y the melllo_l developed t)y Beiz (refi, relwe S). The
maxinluni (lilferenre in the 1)re(lie-drag eoetti('ienl wus

l'ollnd to l)e lit) grellfrer than -2(L()()()l, when the

(..ml)Uiali()ns were based on the same data. The ,hines

llleih()d wl|s llsed ])e('l|l|se ()f Ill(, gl'eHlel' siinplieib _ of

the ('OUil)utati(ms required.

Fxeel)( for hi(nor changes in uolati()n, the tier(vat(oil

of file Jones nminellluin ('(imltion, (is (levelol)ed in

reference 7, is ll_ follows:
(%nsi(ler 'in ,/irfoil in 't free sire,in of veloeily I',

with ,'l drag I) nnd no foree component 1)erl)emlieuhlr

t<) l + The (h'll_ exl)erienee(l I)y ih(, body will be

('aused l)y the change in nl()nientunl that the body

ilnl)oses on the free stream. Thus in a 1)hlne AA

(fig. 22), fin' behind the body wliere the s/atie pressure

r_j IA

t/. I', u_ i

I ][, jO 0 ,/11

iB

l:l(;I Rt,: 22. -l)iaiJranl of airfoi] and _:Ik,'.

IA

is equal to t hnt of the free stream and the velocity is

parallel to l _, the magnitude of the velocity is every-

where equnl to l: execl)t in a we]l-defincd wake region
where it is less than l'. If da is an elenlent of area in

the plane AA in the wake where the air velocity is u,
the drag I) ix given 1)y the equation

1) _f f u(l _ It)da (1)

The artmd measurements nrc 1o be mmh, in the

l)Inn(_ BB, where the static In'essurc is in (,x('(,ss of that
of the free slr(,'||||. Then the mass [low a('ros_ an

clement da_, in the p]ane BB, where lhc ve]oeity ix u,,

i_ :,fla. (n(,g]eetin_z the effect of angularity, which wi]]
It(, small). If the Omdm] , is r(,taim,d for the vchwity

of flow in this tube where it. l)USSe,_through plato, AA,

the (ll'_lg, whMl ix equal to the (h,f('('t of monientunl
crossing lhe whole phtne AA in unit t iine, is given 1)y

]) pf f _ll ( _ 7__ 'lt)dal (9)

The asSUml)tion that no 1,._., oJ total pre._.s'ure occurs in

the tube,_ of flow b_t,,<en BB and AA permits the [imd

velocity u to be determined from the total pressure at
section BB nnd the free-stream stat.ie pressure. In

the actual flow, there is it mixing thnt elmses a widening
out of the wake lis the distance from the trailing edge

increases. The method presumes timt this difference

between the real and the imagined flow does not

influence the drag.
In order to use e(tu'lti(m (2), it must be exl)resse(1 in

terms of the total- and the statie-ln'essure me.lsm'e-

merits that wi]] actually be mad(,. These measm'elnents
will be:

II, i.t:d l)n'ssm'e in wake at, plane BB.
1', stalie pressure in wake at 1)hlne BB.

II,_, free-stream total pressure.

l'_,, free-st re'm, .q at it, l)r(,ssu re.

y, veriieal disl_h(('emenl from trailing edge _)f
nirfoil.

Then

llo l'o _pl

1
ll 1' .)p,f

1
11 .... 1'o ,,pit-'

' tlI_ lind "/LS.bslilutin_ for /,

n :.,ff ,:H- s'( ,:z/,,- P,;- ,:ss i,o),:,,, (3)

lledueed to ('(wflieient form, equntion (3) b(,('()nics

('do :: : -" ' 1 ).) _ I1.-- ,,\ _ IIo 1o/ "

This e(lmttion was used in the computation of dra,_
frolll the lnonl(,nluni (]'tln.
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Positivedirectionsof axes and angles (forces and moments) are shown by arrows

Axis

Designation

Longitudinal .....
Lateral ..........
Normal ..........

SylIl-

bol

w

X
Y
Z

Absolute coefficients of moment

(rolling) (pitching)

D,

P,
p/D,
V p,

L,

r,

Q,

Force
(parallel
to axis)
symbol

X
Y
g

Moment about axis

Designation
_ym-

bol

L
M
N

Positive
direction

y----_g
Z----_ X
X-'--* Y

Designa-
tion

Roll .....
Pitch ....
Yaw .....

Rolling .....
Pitching ....
Yawing ....

I Linear
.Sym- I (compo-

bol I nent along

axis).

0 v
_ w

Velocities

Angular

Anglo of set of control surface (relative to neutral

c__No position), & (Indicate surface by proper subscript.)
7.0,

(yawing)

4. PROPELLER SYMBOLS

Diameter

Geometric pitch
Pitch ratio

Inflow velocity

Slipstream velocity

C-- T
Thrust, absolute coefficient r--_

C- Q
Torque, absolute coefficient q--pnTD5

1 hp.=76.04 kg-m/s=550 ft-lb./sec.
1 metric horsepower-_ 1.0132 hp.

1 m.p.h.-----0.4470 m.p.s.
1 m.p.s._-2.2369 m.p.h.

P

P, Power, absolute: coefficient Cp-_p_D6

C,, Speed-power coefficmnt = _p-_

7, Efficiency
n, Revolutions Per second, r.p.s.

_,, Effective helix ajagle _- tan-l(_-_V77)

5. NUMERICAL RELATIONS

I lb._-0.4536 kg.
1 kg----2.2046 lb.
I mi._1,609.35 m-_5,280 ft.
1 m_3.2808 ft.

#




